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WDT.D-’I‘UM\IEL 'EWFSTIGATION OF BOMB -BAX CONFIGURATIONS H?I‘EIM
'.'L‘O MINH&IZE THE, TUMBLING OF LIGHT-HEIGEP ZB(HBS
By Richard E. Kuhn and Edward C. Polhamus

An investigation haes been comdudted "in thé Lengley 300°MPH 7- by
10-foot tunnel to determine what modifications could be made to con-
ventional bomb beys to reduce the, tumbling difficulties. experlenced
with light-weight bombs. The investigaticn consisted M of photo-

graphic studies of the trajectory and attitude of: i‘o-scala. dynemic -

modsls of 100-pound brmbs as they dropped from various bomb-bay con-
Figurations together with . .tuft atudies. of the flow in and arocund these
bamb-bay configurations.

The investigation indlicated that there is a definite region of
roversed flow inside the bomb bay which must be wealkened or dsstroyed
if good drope are to be obfained.’ The mbst BatlsTactory configuratim
tested consisted of a bowb bay divided into compartments in conjunction
with a deflector plate ahead of the bomb bay. Satlsfactory bomb drops
were . algo obtained Dby -opsning only a small hole in 'the bumb bay. directly
below the bomb to be dropped. On the basis of the satisfactory drops
obtained with spherical bombs, it appesrs that bowbs whose d::'a{; changos
leas“b wi'bh a.t 1tu&e will give ‘the most s.»tiafactory a.rops I

II‘I’IROIIJC‘I’ION" GRS O

An investigation has been conduncied in-the Langley 300 MPH 7~ by
10-foot tummel to determine what modifications to conventional dbamb-
bay designs are necessary .to insure- satisfactory drouns with light-
welght (100 1b) bombs. It has been reported that Iight-weight bombs.
frequently described erratic inttlal trajectoriss when dropped at
relatively high borbing speeds (of,the order of 300 miles per.hour
and greater). This behavior , apart from precludinf‘ accurats bombing,

sometimes resulbed in- the bombé hitting.each other and causing
explosions.
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The present investigation consisted of a photographic study of
the trajectories described by small model bombs as they were released
from a simulated bomb bay in a fuselage model. The tests were con-
ducted at two tunnel speeds and the effects of various deflectors,
geparators, door errangements, and bomb-bay modifilications were
investigated. In addition, tuft studies were made of the flow in and
around the bomb bay and static pressure fluctuations were measured at
two points In the bomb bay for scme of the bomb-bay configurations
Investigated..

SYMBOIS
Cp drag coefficient (Q—:—gﬂ)
S : wing area, 11.65 square feet
q dynemic pressure (%pva) pounds per gquare foot

denaity of alr, slugs per cublc foot

v velocity of air, feet per second
MODEL AND APPARATUS

The tests were conducted in the Langley 300 MPH ?- by 10~foot
tunnel.

The model used in this inVestiga.tion conalated of a fuselege
supported by a rectangular wing. The fuselage dld not represent any
particular ailrplane but was merely a fairing around the bomb
bay. A photogreph of the model mounted in the Lengley 300 MPHE T7- by
10-foot tunnel le presented in flgure 1 and the princilpal dimensions
of the model are presented in figure 2. The baasilc bomb-bay modifica-
tlons Investigated are presented in figure 3. These modifications
were made by Inserting wooden blocks in the originel configuration.
The varlious deflectors, separators, and door arrengements investigated.
are presented. in figures 4, 5, and 6, respectively.

For the bomb-drop tests %—scgle dynamicelly similer models of &
100-pownd. general-purpose bomb (fig. 7) were dropped from the bomb bay
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into & net which can be secn in figure l. Preliminary tuft studies
indicate that this net did not approciably affect ‘the flow within~
ebout 18 inches of the model. The relatione ‘of refersnce 1l were used %o

compute the welght and moments af iner’c.ia. of the ]1'} -scale model bombs

which -were ballasted with lead to br ing- these gquentities and. the cemter
of gravity to the correct megnitude and position: The bombs vere held
in %he bowb bey by small electro-magnetic bomb shackles (fig. 3)
operated from a 12-volt storage bettery. The bambe were breloased by
breaking the megnetic circult and the bomb trajectorlies were recorded
by a still camere in conjunctlon with two Strobolux lights. The
Strobolux 1lights were set to flash 2400 Times per minute so the time
between two bomb imeges on the picture ie cne-fortleth of a second.

The fluctuation of the static pressures wilthin the ‘bomb bay
were measured at two points in the bomb bay. These orifices.can be-
seen on figure 8 and their locations are given in figure 2. The time
history of the pressure fluctuwations was picked up by an electrical.
pressure 'bransmi’c.ter and recorded by .an. NACA film record.er’.

TESTS <. ¢ :-..--'-.1. -:',_.. »

-4

’

- L e

- In order %o have the tre.:]ec*boriee of the lo-scale ‘modal bom'be

-simzla'be those of *the full- scale bainbs, i‘h is necessary that the model
bombs be dropped at tunnel speeds which correspond to the fnll-scale
£light speed. accord:l_ng to the rele.’c.lons of reference 1. For the ilaﬁscale
bombs used .in these tesis- the. relationship ’oetween the. tunnel speéd;
equivalen’c. fl‘igh’c. epeed. and &he ecale of the 'bom'bs ie gi‘sren 'by. ;

Veloci’c.:{ (flight) ve1°°it\j’_‘(mgﬁ

= 3.16 Velocity {fummel) *+ 77
vhere _ o ,“ \ | T
= Scale of bomd '(1710)'

’ The ma,jori'by of the tee'bs ;v:ere conducted e.t a 'tw:mel eneed. oi'
1k2 miles per hour, correeuond.ing 4o’ a-flight velo.city of 1;'-‘»0 mileg
per hour. .Scme of .the tests, however, were made at a tunnel speed :of

¥7.5 miles per hour, corresponding o e. fligh’c. veloci’c.y “of 150 miles
per hour.
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The engle of attack of the fuselage was held constant at 0° for
all tests. The different configurationa tested are tabulated in
table J. For most configuratioms two bombs were dropped simlteneously;
one -from the front shackle and ane from the rear and usually three ox
four drops were made from each configuration. Typlcal photographlc time
histories of oome of the bomb drops are presented in figure 9. Unleas
otherwlse stated, all the drops were mede at an equlvelent £light speed
of 450 miles per hour. In these pictures the rebound:..of the ‘bomb from
the net can be seen and should not be confused wilth the actual drop.

RESUIDS AND DISCUSSION -« + = «oto i 1

The results of the drop tests for each configuration inveptligated
are sumarized in figure. 10, For each conflguration presented, the-
direction and nature of the air flow within the bomb bay is deplcted
ag well as the bomb trajectories. The 'syrbola and conventions smployed
in the presentatlon are defined in one of the .two sketches preceding
configuration l. The other sketch presents the 1ldeal trajectory of a
bonb ag calculated on the assumptlion that the bomb maintains zero angls
of attack ag 1t leaves the borb bay. For these computatlions a boub
drag coefficlent of 0.195 was assumed, corresponding to the measured
minimum drag coefficlent of a 300-pound bomb (reference 2). The "ideal"
trajectory cen be used effectively in Judging. the merits of the various
configurations investigated., Unless otherwise s‘bated all the results
pregented in flgure 10 were. o’otained at an squiva.lent flight sPeed of
450 miles per hour. .

Configuration; 1 presents & more or 1ess ‘conventional 'bom‘b-ba.’y'
conflguration, The erratic behavior of the bombs dropped from the rear
of the bomb- is immediately evident. However,reducling the simulated
airspeed from 450 to 150 miles per hour reduced the tumbling and
divergence to the point where: consistently good drops could be secured
from olther bomb position. The improvement with reduced alrspeed hes
also been notliced In fliight. TLowering the bomd shackle altered the
behavior but it was gtill not setisfactory.

It can be seen that for almost all configuretions for which tuft
gtudies were made, there 1s a definite flow reversal which causes the
bombs to tumble end which therefore muat be dsstroyed or weakened in
ordexr to cbtain conslstently good drops. Opening only a small hole in
the bowb bay for the bombs to drop through resulted in soms fairly satis-
factory drops (comfiguration 3). Thig solution, however, would necessi-
tate meking the doors of the bomd bay in small gections and only opening
those sections under the bombs to be dropped and would possess 'bhe
obJectionable feature of precluding salvo-type bonbing.
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Attaching deflectors to the fuselage ahead of the bomb bay with
no other alteration did not improve conditions apprecisgbly. It can be
secn that in meny configurations 'bhe bombs were actually carried forward
from thelr release positlon While still inside the bomb bay and then
blown back es they emerged. ,

One modification that was tried In an attempt to Improve the
dropping characteristics of light»weight bormbs was to felr out the
rear end of the bomb basy to weaken the reverse flow. Thls alteratlon-
(designs C and D) did not in itself materially help matters. However,
attaching a perforated deflector 6 inches shead of the bomb bsy and
extending the dcors forward to the.deflector in combination with bomb-
bay design "C" (configuration 35) seemed to have some merit. In the
interest of expediency this modificetion wes accomplished by inserting
e block of the proper shape in the rear of the bomb bay rather than.
alter the model itself, It will be moted that with this e.rrangemsnt
the bonb bay is considerably shortened dbut it was felt that this would
ha.ve a negligi‘ble effect on the q_ualita:i:ive results o'btained..

One of the most effectlve conflgura.tions investigated consisted. of
dlviding the bond bay into small cells, each cell large snough for ocne
vertical string of bombs. This modificatlion, in conjunction with a
perforated deflector (configuration 11}, .resulted. in the most satis-
factory drops. The tests indicate that these cells should have solid
walls to be most effective. Although the doors were off in this
conflguration,tests of other configuretions with and without doors
indicete that the doors should have little effect. S

Any bord possessing a congldersble amount of shtability will tumble
somewhat when Immersed in & strong turbulent flow. ILarge changes in
the attitude of the borb assoclated with.this tumbling will cause large
variations in drag which will greatly affect the path of the bomb, It
is of interest to note that spherical bombs drop satisfactorily from
elther of the boub positionssfconfiguration 20) . The spherical bombs
used. for these tests wers s0lid steel balls and were about twice as

i‘o scals modsl bombs ‘but it is belleved that the fmct that
the drag of & sphere does not cha.nge -w—l'bh 1ts attitude is the factor
most responsi'ble Tor the excellent d.rops obtained.

heavy as ths

. For some of the configurations, recorc‘ts were mcle of the fluctuations
of the static pressure at two poin‘bs in the bomb bay (fig. 2) and the
results are presented in table I, The installation of cells in the
boub bay (configuration 10) considerably reduced’ the amplitude of these
fluctuations, especlally in the rear of the bomb bay.

Drag measurements were also made on some of the configurations and
the drag coefficlents are presented In teble I, These drag coefficients
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are based on the wing area of 11.65 square feet; the drag coefficlent
of the model with the bomb bay closod iz 0.035 and the drag coefficlent
of the wing alone is 0.028. Attaching deflectors shead of the boumb
bay materially increassed the drag. However, a wedge-shaped deflector
gave the smallest increase in drag.

CONCLUSIONS

_ On the besis of wind-tunnel tests of various bomb-bay configu-
rations, the following conclusions are indicated:

-

1. There was a definlte region of reversed flow inside the bom'b
bay of conventional clesign and 1t was this reversed. flov which caunged
the light~welight bombs -to tumble as they dropped.

2%, Satisfactory drops were. obtained by opening only a small Gdoor
in the bamb bay for -the bombs to drop through instead. of opening ‘the
entire bo'btom of the barmb bay. . , )

3. The most( satisf‘a.ctory cor:figuration tested” consistecl of &
bomb bay divided iInto compartments in con,junc‘bion vi'bh B d.eflector
plate ahead of the bamb bay.

" k. The satisfactory results obtained with spheridal bombs
Indicate that bombs vhose drag changes least. v:ith attitud.e will give
the most satisfactory drops. .

Langley Memorial- Asronasuticel Laboratory’
National -Advisory Committee for Aercnautics
Langley Field Va.. .

1. Scherberg, Max, and Phode, Re.V.: Mass Distribution ‘end Perfomnqe
of Frne Fligh'b Models. NACA TN No. 268 192"(.

2. Baals, Dondld D., end Smith, No:t'man F.. Aerodynam:ic Tdets of an
M-?é Bomb in the 8-Foot High-Speed Tunnel. NACA MR, Aug. 25,
19 . .



TABIE I. -~ TABIE OF BOMB-BAY CONFIGURATIONS THRSTED AND RESULJS OBTAINED

Drag- | Static pressure £luctustion
Configu- Comfiguretion coef~ in bomb bay
ration [ Bomb bay| Deflector | Separators] Doors | ficient | Front orifice | Rear orifice
1o, (fig. 3)| (fig. W (rig. 5) | (fig. 6)| Op Amp .2 23 | amp 2 £3
1 A - - A 0.0 | k.2 28 | 17. L
2 A - - orf 0.0k | 6.0 19 73 ?
3 A - - b
b A - A A 0.045 5.2 12.0 46
5 A C-0 A A '
6 A - B A 0.046 | 4.5 21
7 A A6 B A '
8 A B-6 B A
9 A c-0 B A
10 A - o off 0.043 3.2 9.3 49
11 A B-0 ¢ Off
12 A - D off
13 A B-0 D off ;
14 A B-0 i/ off '
15 A A-0 - A
16 A A-3 - A
17 A A-6 - A
18 A A-12 - A
19 A B-0 - A 0.061 | 3.2 13.3 3h
20 A B-3 - A
g;- i g-g = ogr 0.059 | k.4 18.6 33
- - 0. . 17.
o3 A B i A 059 | 3.7 7.9 3
2h A c-0 - A 0.055 3.8 28 | 21.4 32

e drag costfiotent of the model with the boub bey closed 1 Op = 0.035.
e average d&oubls amplitude of the pressure fluctuation in percent of the dypamic pressure (g).
frequency of the pressure fluctuation in oycles per second.

NATTONAL ADVISORY
COMMITTEE ¥OR AERONAUTICS
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TABYE T- TABIE OF BOMB.BAY CONFIGURATIONS - Concluded

. Dragl gtatio presoure fluctuation
Configu~ Canfignration coef- | in bomb bay
retion | Bomb bey [ Deflector |Separstors | Dooxs | ficlent| Front orifice| Rear arifice
no. | (figs 3}| (fig. B) | (£ig. 5) |(fig. 6} Cp [ ppp.2 B .l 3
25 A c6 - A 0.057 | 5.3 :
26 A 0-6 - Off | 0.056 | 3.5 2k ,0 34
eT A ¢c-12 - off 21.h 33
28 B - - B 0.043 | 5.5
29 B B-6 - B
30 B B-6 - off
31 . - - B 0.0kk | 2.8
y C - - Ooft
33 c B-O - B )
34 ¢ B-6 - B 0.054 | 2.8
3H v B-6 - 0
36 c B-6 - Off 0.056 | 3.2
37 c c-0 - B
38 C 0"6 Lol B 0.”9 5.1
39 ¢ c-6 - ¢ 0.049 | 6.0
40 C c-12 5 B
11 D - - B 0.0k | 2.3
ko D - - off i
h3 D B-0 - off .
hh D B-6 - B 0:.055 | h,2
hs D C-6 - B 0. 5.5
46 D c-6 - oft
48 D B - off

“The drag coeffiolent of the model with the bomb bay closed 18 Cp = 0,035

everage dotble amplitude of the pressure Fluctuation in percent of the dynamic pressure (g) .
She frequency of the pressure fluctuwation cyoclos per second.

NATIONAY, ADVISORY
COMMITTERE FOR AFRONAUIIOCS

TIGT °ON WY VDVN
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Figure 1 - Front view of bomb bay model and-net mounted in the 300 MPH 7~ by
10~foot tunnel,

TIALT "ON WY VOVN
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Fig. 4
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j00/b  general purpose bomb .

L *81d

TTALT *oN WY VOVN




Figure 8.~ View of interior of bomb bay showing magnetic homb shackles and
pressure orifices,
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Configuration 1 Bomb Bay A

Doors A

Figure 9.- Representative pictures of drops.
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Configuration 1 Bomb Bay A

Doors A

Tunnel speed reduced to simulate a bombmg
speed of 150 mph.

Figu:ce 9.- Continued.
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Configuration 3 Bomb Bay A

Doors D

Figure 9.- Continued.
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Configuration 5 Bomb Bay A
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Separator A
Doors A

Figure 9.- Continued.
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Configuration 11 Bomb Bay A

Deflector B-O
Separators C

Doors off

Figure 9.- Continued.
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Configuration 20 Bomb Bay A
' Deflector  B-3

Doors A
Spherical bombs

Wind off

Figure 9.~ Continued.
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Fig. 9 cont.

Configuration 24 Bomb Bay

Deflector
Doors

Figure 9.- 'Continued, '
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Configuration 35 BombBay C

Deflector B-6
Doors C

Figure 9.- Concluded,
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Frgure [0 - Results of bomb drops

and tuft studies
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